Face scanning in chimpanzees and humans: continuity and discontinuity by Kano, Fumihiro & Tomonaga, Masaki
Title Face scanning in chimpanzees and humans: continuity anddiscontinuity
Author(s)Kano, Fumihiro; Tomonaga, Masaki
CitationAnimal Behaviour (2010), 79(1): 227-235
Issue Date2010-01
URL http://hdl.handle.net/2433/128927




Face scanning in chimpanzees and humans: Continuity and 1 
discontinuity 2 
Research Article 3 
 4 
Running title: Face scanning in chimpanzees and humans 5 
Word count: 6584 words 6 
 7 
This article includes a table, three figures, and five supplementary electronic addenda (four 8 
figures and a video) 9 
 10 
Abstract 11 
How do chimpanzees, the species with the closest evolutionary connection to humans, view 12 
faces? This study is the first to use the eye-tracking method to perform direct comparisons 13 
between humans and chimpanzees with regard to face scanning. Members of both species 14 
viewed the same sets of photographs representing conspecific and non-conspecific faces under 15 
the same experimental conditions. Chimpanzees and humans exhibited systematic and similar 16 
patterns of face scanning, including intensely viewing main facial features (i.e., eyes, nose, and 17 
mouth) and inspecting the eyes and mouth, in that order. However, several differences between 18 
the species were also evident. For example, humans were more likely to exhibit sequential re-19 
fixations on the eye regions than were chimpanzees, whereas chimpanzees were more likely to 20 
engage in quick, vertical scanning over the eyes and mouth. Such species similarities and 21 
differences were consistent across conspecific and non-conspecific faces and were thus 22 
independent of the external morphologies of species-specific faces. Furthermore, when presented 23 
with facial expressions, chimpanzees changed their scanning patterns in response to those facial 24 
actions, whereas humans maintained intense eye-viewing across the expressions. Finally, we 25 
discuss how these face scanning patterns are related to species-specific forms of facial 26 
communications in chimpanzees and humans, and suggest that both species have unique eye 27 
movement strategies for interactions with conspecifics.  28 
 29 
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Introduction 31 
Humans have highly sophisticated forms of facial communication. Faces and eye movements 32 
contribute to a variety of expressions that are then efficiently perceived in humans. Moreover, 33 
humans often engage in lengthy face-to-face communications, accompanied by intense eye 34 
contact (Argyle & Cook, 1976). How and when such unique forms of human communications 35 
evolved have long been of interest, particularly from a comparative perspective that addresses 36 
how and to what extent human and non-human animals are similar and dissimilar in their forms 37 
of communications (Chevalier-Skolnikoff, 1973; Darwin, 1999). Chimpanzees (Pan troglodytes), 38 
the species closest to humans, are known to share several forms of facial communications with 39 
humans. Field-observational, morphological, and experimental studies have identified 40 
similarities between the species. For example, both frequently engage in mutual gazing during 41 
mother-offspring interactions (Bard et al., 2005; van Lawick-Goodall, 1967). Additionally, the 42 
facial musculature of chimpanzees is homologous with that of humans in several respects, and 43 
both species exhibit some similar facial expressions (e.g., play faces: Chevalier-Skolnikoff, 44 
1973; Parr, Waller, Vick, & Bard, 2007; Vick, Waller, Parr, Pasqualini, & Bard, 2007). 45 
Experimental studies have shown that the mechanisms underpinning face/gaze perception in 46 
chimpanzees are similar to those in humans, including the ability to follow the gaze of another 47 
(Itakura & Tanaka, 1998; Okamoto et al., 2002; Tomasello, Hare, Lehmann, & Call, 2007) and 48 
the holistic (configural) processing of faces (Parr, Dove, & Hopkins, 1998; Tomonaga, 1999, 49 
2007b); however, the evidence for holistic face processing in monkeys remains controversial 50 
(Adachi, Chou, & Hampton, in press; Dahl, Wallraven, Bulthoff, & Logothetis, 2009; Parr & 51 
Heintz, 2008; Tomonaga, 1994).  52 
On the other hand, notable differences between humans and chimpanzees have also been 53 
identified. Face-to-face communications in chimpanzees tend to occur in brief spurts and during 54 
arousing situations, and the most typical close-range long-bout affiliative communications are 55 
tactile (e.g., grooming: Goodall, 1968; van Hooff, 1973). Humans have fine motor control of the 56 
muscles around the eyes, enabling the formation of subtle expressions in these regions (Ekman & 57 
Friesen, 1978). In contrast, these regions are hardly visible in chimpanzees because of their high 58 
eyebrow ridges and dark eyes (Kobayashi & Kohshima, 1997, 2001; Parr et al., 2007). Instead, 59 
chimpanzees have fine motor control of their lips, enabling the formation of more variable 60 
expressions in the mouth region (Chevalier-Skolnikoff, 1973; Parr et al., 2007; Vick et al., 2007). 61 
Kobayashi and Kohshima (2001) found that, compared with other primates, humans have 62 
exceptionally large white sclera that clearly contrast with the colours of their iris and skin. These 63 
authors hypothesized that human eyes have adapted to enhance gaze signals, such as eye 64 
directions. Experimental studies have shown that chimpanzees were less sensitive than human 65 
infants to the eye directions of a human experimenter when the experimenter’s head was 66 
immobile (Tomasello et al., 2007), possibly because chimpanzees inspected the experimenter’s 67 
face more briefly during their interactions (Carpenter & Tomasello, 1995). Additionally, in an 68 
experiment using a computerized task, chimpanzees did not show overt evidence of reflexive 69 
shifts of attention in the same direction as the eyes in a human stimulus face (Tomonaga, 2007a).  70 
These results consistently suggested that eye regions (upper faces) are especially 71 
important in humans, compared with chimpanzees, in facial communications. Fine muscles and 72 
eye movements are accentuated by hair and colour-contrast in the eye regions in humans, 73 
signalling a variety of communicative intents. These morphologies are visually salient and thus 74 
might independently attract the attention of other individuals. However, given that chimpanzees 75 
were less sensitive than were humans to the eye direction of humans, humans might also have 76 
characteristic behavioural/attentional sensitivities to the eye regions. That is, humans might have 77 
stronger behavioural tendencies than chimpanzees to actively collect information from the eye 78 
regions. 79 
Carpenter et al. (1995) found that, in interactive situations (facilitative of joint attention), 80 
human infants looked at the experimenter’s face an average of twice as long as chimpanzees. 81 
Interestingly, in this related study, the human-raised and enculturated chimpanzees did not differ 82 
from those reared by biological mothers in this regard. Kano and Tomonaga (2009) used the eye-83 
tracking method to measure how humans (adults) and chimpanzees viewed whole-body images 84 
of conspecifics and non-conspecifics. Both species showed highly similar patterns of scanning 85 
and both paid more attention to the face than to the other body regions depicted in the images. 86 
Additionally, both species showed, on average, an equal number of fixations on the faces. The 87 
critical difference was that the average duration of fixation on the faces was shorter in 88 
chimpanzees (300 ms) than in humans (680 ms). These differences were consistent across 89 
conspecific and non-conspecific images. However, the patterns of face scanning for each facial 90 
feature (e.g., eyes, mouth) have remained unclear because eye gaze was disproportionately 91 
directed to faces versus to the rest of the body in these prior studies.  92 
This study thus aimed to determine the patterns of face scanning in chimpanzees. We 93 
examined the spatial (where) and temporal (when) characteristics of fixation sequences, and 94 
compared them with those of humans. We presented close-up photographs of faces to enhance 95 
our ability to observe eye movements as participants scanned the images and measured 96 
frequencies, durations and probabilities of fixations. Although widely employed in humans 97 
(Henderson, Williams, & Falk, 2005; Pelphrey et al., 2002; Walker-Smith, Gale, & Findlay, 98 
1977; Yarbus, 1967) and monkeys (Gothard, Erickson, & Amaral, 2004; Guo, Robertson, 99 
Mahmoodi, Tadmor, & Young, 2003; Keating & Keating, 1982; Mendelson, Haith, & 100 
Goldmanrakic, 1982; Nahm, Perret, Amaral, & Albright, 1997; Sato & Nakamura, 2001), this 101 
methodology has not previously been used to investigate face scanning in apes. Humans and 102 
monkeys are known to intensely scan the main features of faces (i.e., eyes, nose, and mouth). It 103 
is also known that these species look at the eye regions longer than at other facial features and 104 
are more likely to initially inspect the eye regions. The comparisons between humans and 105 
monkeys have thus suggested qualitative similarities in face scanning. However, these previous 106 
studies were not particularly designed to directly compare human and nonhuman primates, 107 
further studies are necessary to reveal both qualitative and quantitative similarities and 108 
differences between the species using the phylogenetically closer species to humans and the 109 
comparable experimental procedures. This study thus directly compared humans and their closest 110 
evolutionary relatives, chimpanzees, using a non-invasive eye-tracking method under 111 
unrestrained conditions. The fixation sequences of humans were characterized by sequential 112 
fixations over the eyes and mouth, which appeared to somewhat resemble inverted triangular 113 
traces (Walker-Smith et al., 1977; Yarbus, 1967). The precise comparisons between species 114 
enabled us to analyze the characteristic patterns underpinning the sequential/spatiotemporal 115 
aspects of eye movements in each species.  116 
We conducted two experiments. Experiment 1 presented both conspecific and non-117 
conspecific faces and examined general similarities and differences in face scanning between 118 
chimpanzees and humans. We addressed three questions in Experiment 1. The first question 119 
addressed whether the patterns of scanning in chimpanzees and/or humans depended on specific 120 
responses to face stimuli; that is, we examined whether these patterns depended solely on general 121 
responses to relatively broad classes of stimuli or solely on the low-level guidance of eye 122 
movements evoked by the visual salience of image features (e.g., white sclera in humans, 123 
protruding nose in humans, protruding mouth in chimpanzees). We addressed these issues by 124 
examining the patterns of scanning, especially with respect to the main facial features (i.e., eyes 125 
nose, mouth) because previous studies on monkeys and humans have suggested that the patterns 126 
of scanning specific to face stimuli were characterized by systematic responses to these main 127 
features. We also examined consistencies in the viewing patterns for faces found by the current 128 
and previous (Kano & Tomonaga, 2009) studies involving the presentation of close-up shots of 129 
faces and full shots of whole bodies to examine the effect of scale on eye movements. The 130 
second question addressed the characteristic patterns of face scanning in chimpanzees and 131 
humans. Given the aforementioned studies, we expected that chimpanzees and humans would 132 
especially differ with regard to viewing patterns for the eye regions. The third question addressed 133 
the factors that contributed to these characteristic patterns of face scanning in chimpanzees and 134 
humans. Previous studies have suggested that these patterns might be influenced by exposure to 135 
certain types of faces (e.g., own/other race: Michel, Rossion, Han, Chung, & Caldara, 2006; 136 
reared by own/other species: Martin-Malivel & Okada, 2007) and by phylogenetic relatedness 137 
(e.g., conspecific/non-conspecific: Pascalis & Bachevalier, 1998). Indeed, characteristic patterns 138 
might reflect more general responses to limited sets of stimulus cues, such as face-like 139 
configurations. Experiment 2 presented species-specific facial expressions to chimpanzees and 140 
humans. Face-to-face interactions typically involve various emotional gestures in both species 141 
(Argyle & Cook, 1976; van Hooff, 1967). Although several direct comparisons of gaze 142 
perception in humans and chimpanzees have been conducted, as mentioned earlier, such attempts 143 
have not addressed the perception of facial expressions. Experiment 2 further examined the 144 
questions addressed in Experiment 1. More specifically, Experiment 2 addressed changes in the 145 
characteristic patterns of face scanning practiced by each species as a function of the type of 146 
expression presented. Because the quality of information in the eye and mouth regions of 147 
chimpanzees and humans differ, as mentioned earlier, we expected to find differences in their 148 
responses to the eye and mouth regions in various expressions.  149 
 150 
Methods 151 
We used the identical experimental framework, with the exception of the stimuli, as that used by 152 
Kano & Tomonaga (2009) (these are referred to as ‘the previous experiments” in the Methods 153 
section) to allow comparisons between the studies.  154 
Experiment 1 155 
Participants and apparatus. Six chimpanzees (5 females, 1 male; aged 8–31) and 18 humans 156 
(11 females, 7 males; aged 18–31; all Japanese students) participated in Experiment 1. All 157 
chimpanzees and half the humans had participated in the previous experiments. The chimpanzees 158 
were members of a social group comprised of 14 individuals living in an enriched environment 159 
with a 700-m
2
 outdoor compound and an attached indoor residence (Matsuzawa, Tomonaga, & 160 
Tanaka, 2006). The outdoor compound was equipped with 15-m-high climbing frames, small 161 
streams, and various species of trees (Ochiai & Matsuzawa, 1997). Access to the outdoor 162 
compound was available to each individual every other day during the day. Daily meals included 163 
a wide variety of fresh fruits and vegetables fed throughout the day, supplemented with 164 
nutritionally-balanced biscuits (fed twice daily) and water available ad libitum. Both chimpanzee 165 
and human participants had extensive experience interacting with both species and were thus 166 
highly familiar with both kinds of faces. The chimpanzees, like the human participants, had 167 
extensive experience observing photographs of faces (Matsuzawa et al., 2006) and thus never 168 
responded fearfully to the faces. No food or water deprivation was practiced during the study 169 
period. Care and use of the chimpanzees adhered to the 2002 version of the Guidelines for the 170 
Care and Use of Laboratory Primates by the Primate Research Institute, Kyoto University. The 171 
experimental protocol was approved by the Animal Welfare and Care Committee of the institute. 172 
Informed consent was obtained from all human participants. Both species used the same 173 
apparatus to allow for direct comparisons. Participants sat still and unrestrained in an 174 
experimental booth and viewed a 17-inch LCD display (1280 × 1024 pixels) at a distance of 175 
approximately 60 cm. A table-mounted eye-tracker measured their eye movements using infrared 176 
corneal reflection techniques (60 Hz; Tobii X120, Tobii Technology AB; Appendix 1). As a 177 
result of the training conducted during the previous experiment, chimpanzees were already 178 
skilled at sitting still in front of an eye-tracker and looking at a fixation point that appeared on 179 
the screen. We conducted two-point and five-point calibrations for chimpanzees and humans, 180 
respectively. Calibrations were repeated until maximum accuracy was obtained, resulting in high 181 
spatial resolution for the eye tracking in both species. In the preliminary recording, six 182 
participants of each species were asked to look at a fixation point and the error values—the 183 
average distance between the intended and the recorded fixations—were measured as 0.62±0.06 184 
of a degree (mean±SEM) for the chimpanzees and 0.52±0.05 of a degree for the humans. Refer 185 
to the previous experiment for details about calibration training and procedures. 186 
Stimuli and procedures. Stimuli consisted of 24 colour still photographs of the faces of 17 187 
species of non-primate mammals (giraffes, rhinos, lions, etc.; hereafter, mammals), 24 188 
photographs of chimpanzee faces, and 24 photographs of human faces (frontal views; 12 189 
individuals, six of whom were familiar and six of whom were unfamiliar to participants; see 190 
Fig. 1 for examples). Both species had relatively less experience with observing mammal than 191 
chimpanzee and human faces. Half of these facial images were extracted from the whole-body 192 
images used in the previous experiments. The photographs were converted into 1000 × 800 193 
pixels with surrounding gray frames (1280 × 1024 pixels in total). During testing, each trial was 194 
initiated by the participants looking at a fixation point that appeared at a random position on the 195 
screen. The photographs were then presented for 2 s, and participants were allowed to move their 196 
eyes freely to view the photograph. A total of 72 photographs were presented to the humans 197 
within a single day, whereas the sessions were divided among 10 days for the chimpanzees to 198 
maintain their spontaneous motivation for viewing photographs. The order in which photographs 199 
were presented was randomized within the entire session for each participant. The human 200 
participants received 500 yen after the session, and the chimpanzees obtained a small piece of 201 
apple after each trial, regardless of their viewing behaviours.  202 
Experiment 2 203 
Five chimpanzees (4 females, 1 male) and 9 humans (7 females, 2 males) participated in 204 
Experiment 2. One chimpanzee (adult female) was eliminated from testing because of her lack of 205 
attention to the stimuli. The stimuli consisted of 12 colour still photographs portraying species-206 
specific chimpanzee facial expressions (three each portraying neutral faces, hoot faces, scream 207 
faces, and compressed-lip faces; see Parr et al., 2007 for descriptions of these expressions) and 208 
12 monochrome still photographs of a standardized set of human facial expressions (three each 209 
portraying neutral faces, happy faces, fearful faces, and angry faces; taken from Ekman & 210 
Friesen, 1978; see Fig. 3 for examples). Chimpanzee facial expressions were obtained by 211 
videotaping social interactions at another chimpanzee colony and then isolating the frames 212 
containing the expressions reflecting peak intensity. The photographs of chimpanzee and human 213 
expressions were converted into 1000 × 800 pixels and 600 × 800 pixels, respectively (no 214 
background in human photographs), with the surrounding gray frames (1280 × 1024 pixels in 215 
total). Facial expressions were presented for 2 s to chimpanzees. Given the slower inspection of 216 
each facial feature by humans (see below) than by chimpanzees, which was found in Experiment 217 
1, faces were presented for 5 s to humans in order to leave sufficient time for them to explore 218 
each facial feature. Each trial presented a photograph that was randomly drawn from each type of 219 
facial expression. The remaining procedures were the same as those used in Experiment 1. 220 
Data Analysis 221 
Trials in which participants did not view the monitor for more than 300 ms were eliminated from 222 
the analysis, resulting in a loss of 4.1% of the data obtained from chimpanzees (no data were lost 223 
for humans). During Experiment 2, we repeated these trials (8.3% of all the data obtained from 224 
chimpanzees) after the end of session, resulting in no loss of data for either species. To define 225 
areas of interest (AOI), the scenes were divided into face regions and the rest of the scenes. The 226 
face regions were further divided into the eye, nose (referred as the “mid-face” for mammal 227 
faces), mouth, and other regions (see Fig. 1 for examples). To avoid errors in gaze estimations, 228 
AOIs were drawn slightly larger than the actual outlines (approximately 20 pixels on the edges). 229 
A fixation was scored if the gaze remained stationary (within a radius of 50 pixels) for at least 75 230 
ms (more than 5 measurement samples). Otherwise, the recorded sample was defined as part of a 231 
saccade. We excluded the samples recorded during the first 200 ms, thereby eliminating fixations 232 
that followed the offset of the fixation spot. We used four dependent variables in this study: 233 
cumulative viewing time, number (frequency) of fixations, average fixation duration, and the 234 
probability of fixations (as a function of fixation order). The probability of fixation was 235 
calculated as the proportion of photographs in which a certain AOI was the target at a particular 236 
point in the fixation order. In Experiment 2, the number of fixations was calculated as a 237 
proportion of the total number of face fixations to correct for the differences between the two 238 
subject species in terms of presentation duration. For the statistical analyses, we distinguished 239 
within-species from between-species comparisons. For within-species comparisons, we tested for 240 
differences in the viewing patterns for each AOI within each subject species. For between-241 
species comparisons, we tested for the interactions between subject species and AOIs in viewing 242 
patterns. In ANOVAs, subject species and other independent variables (facial features, fixation 243 
order, facial expressions, and presentation sections) served as between- and within-subject 244 
factors, respectively. In cases in which the assumption of homogeneity of variance was violated, 245 
the Greenhouse-Geisser correction was applied, and corrected p values were calculated. We used 246 
post-hoc t-tests tests for within- and between-species comparisons, as well as Bonferroni’s 247 
corrections with the alpha level set at 0.05 for the number of comparisons. We conducted all 248 
analyses independently for each stimulus species (i.e., chimpanzees, humans, and mammals), 249 
and thus did not include stimulus species as a factor in the ANOVA because facial morphologies 250 
(the proportion of each face occupied by each feature) differed somewhat by stimulus species. In 251 
Experiment 2, we normalized the data for each expressive face according to the proportions 252 
characterizing the neutral faces of the same stimulus species to enable comparisons among the 253 
viewing patterns associated with different facial expressions. We then independently compared 254 
the data obtained in response to each stimulus species according to facial expression.  255 
Results 256 
Experiment 1 257 
We obtained several results consistent with those of previous experiments (Kano & Tomonaga, 258 
2009) involving the presentation of the whole-body images of the same animals. First, both 259 
species fixated on the face region more frequently than on the rest of the scenes for all species 260 
(chimpanzee faces: 4.5 vs. 1.3 times, 4.2 vs. 0.14 times; human faces: 3.8 vs. 2.0 times, 3.7 vs. 261 
0.23 times; mammal faces: 4.6 vs. 1.5 times, 4.1 vs. 0.23 times, for chimpanzee and human 262 
participants respectively; p < 0.05). Second, chimpanzees and humans did not differ significantly 263 
in the numbers of fixations on the face regions of any species (p > 0.05). Third, the average 264 
fixation duration for faces was shorter in chimpanzees than in humans (see Table 1).  265 
The new findings emerging from this study involved similarities and differences between 266 
the species with regard to the scanning patterns for each facial feature. We focussed on the 267 
number of fixations and on the probability of fixations as a function of fixation order (i.e., eye 268 
movement path; the variables represented by the yellow lines in Fig. 1) in deriving the following 269 
results because we obtained similar results when the other two variables were included in the 270 
analysis (i.e., cumulative viewing time and average fixation duration; the variables indicated by 271 
the orange circles in Fig. 1; see Table 1 for these results). Chimpanzees and humans fixated on 272 
the main facial features (i.e., eyes, nose, and mouth) more frequently than they fixated on the 273 
other regions of chimpanzee faces (Fig. 2a; t5 = 5.27, p = 0.003, t17 = 24.40, p < 0.001, 274 
respectively) and of human faces (t5 = 6.70, p = 0.001, t17 = 17.71, p < 0.001, respectively). 275 
Although this pattern of results did not emerge in chimpanzees with regard to mammal faces 276 
(t5 = 1.51, p = 0.19) but did emerge in humans with regard to mammal faces (t17 = 8.77, p < 277 
0.001), this phenomenon probably derived from the frequent inspection of the other regions (e.g. 278 
the mane of a lion, the horn of a rhino) by both chimpanzees and humans. The ANOVA 279 
focussing on the main facial features revealed a significant interaction between subject species 280 
and facial features (chimpanzee faces: F1.1, 24 = 11.5, p < 0.001, ηp
2 
= 0.34; human faces: F1.2, 26 = 281 
6.03, p = 0.005, ηp
2 
= 0.21; mammal faces: F1, 22 = 44.7, p < 0.001, ηp
2 
= 0.67). Post-hoc 282 
comparisons between the species revealed that humans fixated on the eye region more frequently 283 
than did chimpanzees (Fig. 2a; chimpanzee faces: t22 = 2.93, p = 0.008; human faces: t22 = 2.73, p 284 
= 0.012; mammal faces: t22 = 5.30, p < 0.001), and chimpanzees fixated on the mouth region 285 
more frequently than did humans (chimpanzee faces: t22 = 4.21, p < 0.001; human faces: t22 = 286 
3.34, p = 0.003; mammal faces: t22 = 3.62, p = 0.002). Post-hoc comparisons within species 287 
revealed that, unlike the humans (chimpanzee faces: t17 = 9.29, p < 0.001; human faces: t17 = 288 
7.79, p < 0.001; mammal faces: t17 = 13.9, p < 0.001), the chimpanzees did not fixate on the eye 289 
regions more frequently than they fixated on the mouth regions (chimpanzee faces: t17 = 1.44, p = 290 
0.20; human faces: t17 = 3.92, p = 0.011; mammal faces: t17 = 1.26, p = 0.26). 291 
 Figure 2b illustrates the temporal character of the aforementioned differences between 292 
the species for the eyes and mouth, respectively. An ANOVA revealed significant interactions 293 
between subject species and fixation order for the eyes (chimpanzee faces: F3, 66 = 3.63, 294 
p = 0.017; human faces: F2.0, 45 = 4.36, p = 0.007, ηp
2 
 = 0.16; mammal faces: F3, 66 = 11.68, 295 
p = 0.001, ηp
2
 = 0.34) and for the mouth (chimpanzee faces: F3, 66 = 3.82, p = 0.014, ηp
2 
= 0.14; 296 
human faces: F3, 66 = 4.26, p = 0.008, ηp
2
 = 0.16; mammal faces: F3, 66 = 9.13, p < 0.001, 297 
ηp
2 
= 0.29). We then conducted post-hoc tests for each fixation order. Both species scanned the 298 
eyes, followed by the mouth, as indicated by the higher probability of first fixations on the eye 299 
region than on the mouth region (p < 0.05 for both species viewing faces of all species). 300 
Additionally, the probabilities for first fixations did not differ significantly between the species 301 
for the eyes or mouth (p > 0.05). However, chimpanzees were less likely than were humans to 302 
fixate on the eye region during later fixations (p < 0.01). Chimpanzees were significantly more 303 
likely than humans to fixate on the mouth region as their second fixation (p < 0.01), but not as 304 
their third or fourth fixation (p > 0.05). That is, although chimpanzees and humans both began 305 
their fixation sequences with the eye regions, humans were more likely than chimpanzees to 306 
subsequently re-fixate on the eye regions, whereas the chimpanzees were more likely than 307 
humans to subsequently shift their gazes to the mouth region. 308 
 We should rule out two possible effects of the presentation procedures on the results. 309 
First, the chimpanzees might have habituated to the faces more quickly than did the humans, 310 
enabling them to scan the faces more rapidly. We divided the entire sessions into three sections 311 
and compared the number of fixations on the face regions among these three sections. However, 312 
an ANOVA did not find any significant interaction between subject species and section 313 
(chimpanzee faces: F2, 44 = 1.62, p = 0.20, ηp
2
 = 0.069; human faces: F2, 44 = 0.376, p = 0.19, 314 
ηp
2
 = 0.072; mammal faces: F2, 44 = 1.96, p = 0.15, ηp
2
 = 0.082). Second, the presentation 315 
duration in this study (2 s) might have been too short for the humans, leaving insufficient time to 316 
explore facial features other than eyes. Thus, the same five human participants viewed half of the 317 
same human and chimpanzee faces again, but with a presentation duration of 10 s. We found that 318 
the moderate decrease/increase in the probability of fixation on the eye/mouth regions by 319 
humans (as seen in Fig. 2b) remained during this longer presentation and that the 320 
decrease/increase stabilized at the seventh fixation at a probability of 0.4-0.6 for the eye region 321 
and of 0.0-0.2 for the mouth region. Thus, we confirmed that the aforementioned differences 322 
between species were not related to presentation order or presentation duration.  323 
Experiment 2 324 
Figure 3 illustrates the attentional responses of chimpanzees and humans to species-specific 325 
facial expressions of both species. Only the eye and mouth regions of the chimpanzee and human 326 
faces (regions that change in facial expressions) were included in this analysis to avoid 327 
redundancy. We first conducted ANOVAs (subject species × facial features × facial expressions) 328 
and found a significant interaction among the three factors (chimpanzee faces: F3, 36 = 4.14, p = 329 
0.013, ηp
2
 = 0.25; human faces: F3, 36 = 1.62, p = 0.007, ηp
2
 = 0.28). We then conducted 330 
ANOVAs (subject species × facial expressions) for eye and mouth regions and found that 331 
humans viewed the eye regions more frequently than did chimpanzees (chimpanzee faces: F1, 12 = 332 
8.41, p < 0.001, ηp
2 = 0.89; human faces: F1, 12 = 15.2, p < 0.001, ηp
2 = 0.94), and chimpanzees 333 
viewed the mouth regions more frequently than did humans (chimpanzee faces: F1, 12 = 40.1, p < 334 
0.001, ηp
2
 = 0.96; human faces: F1, 12 = 17.1, p < 0.001, ηp
2
 = 0.92). Although ANOVAs (facial 335 
features × facial expressions) revealed that chimpanzees differentiated among the facial 336 
expressions in terms of the proportion of fixations to eye or mouth regions (chimpanzee faces: F3, 337 
12 = 8.37, p = 0.003, ηp
2
 = 0.67; human faces: F3, 12 = 11.0, p = 0.001, ηp
2
 = 0.73), this was not the 338 
case for humans (chimpanzee faces: F1.3, 11 = 0.61, p = 0.615, ηp
2
 = 0.071; human faces: F3, 24 = 339 
0.29, p = 0.82, ηp
2 = 0.036). To examine the effect of the different presentation durations used for 340 
humans (5 s) and chimpanzees (2 s), we conducted the same analyses for the first 2 s of the 341 
presentations to humans. However, we confirmed a similar tendency in humans (intense and 342 
persistent eye-viewing) in this analysis. These results indicate that although chimpanzees 343 
changed their scanning patterns in response to facial actions, humans maintained their intense 344 
focus on the eye regions across expressions. This difference between the species was consistent 345 
across chimpanzee and human faces.  346 
 347 
Discussion 348 
To our knowledge, this is the first reported study to obtain comparative data on face scanning in 349 
chimpanzees and humans, thereby offering methodological advances for examining the evolution 350 
of face perception and facial communication. The observed scanning patterns were not 351 
dependent solely on the visually salient features in the faces, as evidenced by the systematic 352 
similarities and differences between the species in their scanning patterns for the main features of 353 
faces. We confirmed the robust consistency between the current and previous study (Kano & 354 
Tomonaga, 2009) involving the presentation of close-up shots of faces and full shots of whole 355 
bodies. These results indicated that chimpanzees and humans exhibited patterns of scanning 356 
specific to face stimuli. Several qualitative similarities highlighted the homologous nature of face 357 
scanning of chimpanzees and humans: both demonstrated intense scanning of the main facial 358 
features (except in mammal faces; see Results) and the same order of inspection for each facial 359 
feature (from the eyes to mouth). Importantly, notable quantitative differences between 360 
chimpanzees and humans also emerged: the prolonged eye-viewing by humans (the sequential 361 
re-fixations on the eyes), the quick, vertical scanning of faces by chimpanzees (immediate shifts 362 
of eye gaze from the eyes to mouth). If we emphasized the differences in the inverted triangular 363 
sequences of fixations over the eyes and mouth exhibited by humans, the sequences of fixations 364 
exhibited by chimpanzees would appear to resemble vertical segments of lines (as seen in Fig. 1). 365 
 These similarities and differences between the species were consistent across conspecific 366 
faces, non-conspecific faces, and even phylogenetically distant mammal faces. Recall that the 367 
chimpanzees and humans in this study were highly familiar with chimpanzee and human faces, 368 
but relatively unfamiliar with the mammal faces (see Methods). Thus, these patterns did not 369 
appear to reflect exposure to a certain type of faces or to derive from phylogenetic relatedness, 370 
but rather seemed to involve more general responses to the face-like configurations. Consistent 371 
with Experiment 1, Experiment 2 showed that chimpanzees and humans viewed the mouth and 372 
eye regions, respectively, more frequently than did the other species. Experiment 2 also 373 
demonstrated that although chimpanzees changed their scanning patterns in responses to changes 374 
in facial expressions, and humans maintained intense eye-viewing across the expressions, these 375 
differences were consistent across chimpanzee and human faces, which also matches the results 376 
of Experiment 1.  377 
 In general, the patterns of face scanning in humans were characterized by prolonged eye-378 
viewing irrespective of facial expression, whereas those in chimpanzees were characterized by 379 
quick, vertical scanning of faces, frequent inspection of the mouth regions, and responsiveness to 380 
facial actions. The characteristics of human scanning patterns indicate active viewing of the eye 381 
regions that is independent of facial morphology and expression. On the other hand, although the 382 
overall patterns of eye movements in chimpanzees were characterized by specific responses to 383 
face stimuli (see above), some of the characteristics might be attributable to either general 384 
responses to relatively broad classes of stimuli or to the low-level guidance of eye movements by 385 
the visual salience of image features. For example, the rapid scanning in chimpanzees might 386 
reflect their general ability to scan scenes. In the previous experiment (Kano & Tomonaga, 2009), 387 
chimpanzees exhibited a more rapid shift in fixation location than did humans in response to 388 
overall scenes (i.e., not only for faces but also for the rest of the scene). Additionally, the 389 
frequent inspection of mouth regions demonstrated by chimpanzees might represent passive 390 
viewing of the visually salient regions, reflecting their reluctance to view eyes, rather than active 391 
viewing of the informative regions. The mouth regions are not only informative with regard to 392 
emotions but also visually salient, especially in chimpanzee faces. Thus, although both species 393 
seem highly motivated to view faces (chimpanzees to a lesser extent), the attention of 394 
chimpanzees might be less focused and more spatially dispersed. 395 
The unique eye morphologies in humans appear to be adapted to enhance particular 396 
signals such as gaze direction (Kobayashi & Kohshima, 2001). Thus, the active viewing of eyes 397 
by humans might be a behavioural adaptation to enhance unique forms of facial communications 398 
that use the eyes. Likewise, the characteristic patterns of face scanning in chimpanzees might 399 
also have been adapted for communicative purposes, especially for the purpose of the rapid and 400 
efficient retrieval of emotional information from faces. However, we doubt the latter possibility 401 
because the characteristic in chimpanzee scanning patterns might not derive from the active 402 
viewing of particular facial features, as mentioned earlier. Furthermore, the salient (large) mouth 403 
morphology in chimpanzees appears to be adapted for purposes other than communicative 404 
signalling, such as food processing (Lambert, 1999).  405 
Irrespective of the selective pressures that have shaped the characteristic patterns of face 406 
scanning in chimpanzees and humans, it should be noted that each pattern seems to offer 407 
advantages for species-specific forms of facial communications. The persistent and prolonged 408 
eye-viewing exhibited by humans might enable the constant retrieval of subtle information 409 
conveyed by the eye region. As mentioned earlier, facial muscles and unique eye morphologies 410 
contribute to the formation of various subtle expressions in the eye regions of humans. Thus, it 411 
would appear to be advantageous for humans to remain focused on the eye region to recognize 412 
these species-specific forms of expression in the eye region. Indeed, it is known that autistic 413 
children, who experience difficulties in forming normal social and emotional relationships with 414 
people, pay less attention to the eye regions than do children with typical developmental courses 415 
(Dalton et al., 2005; Dawson et al., 2004; Klin, Jones, Schultz, Volkmar, & Cohen, 2002; 416 
Pelphrey et al., 2002). The quick scanning of faces by chimpanzees, on the other hand, might 417 
enable them to coarsely but quickly retrieve overall information (e.g., identity, emotion) from 418 
faces. As mentioned earlier, compared to humans, face-to-face communications among 419 
chimpanzees tend to occur in brief spurts and during arousing situations. In addition, the mouth 420 
regions constitute the main sources of emotional expression in chimpanzees. Thus, the 421 
characteristic patterns of face scanning in chimpanzees―the quick, vertical scanning of faces, 422 
the frequent inspection of the mouth, and the responsiveness to facial actions―would appear to 423 
be advantageous for efficiently retrieving general as well as emotional information from faces. 424 
The rapid inspection of faces might also be advantageous for chimpanzees with regard to 425 
appeasing the other individuals in that it is more likely that prolonged eye contact functions as a 426 
threat signal in non-human primates than in humans (Gomez, 1996; Thomsen, 1974). These 427 
findings suggest an intimate connection between face scanning and species-specific forms of 428 
facial communications in chimpanzees and humans, rendering their respective eye movement 429 
strategies functional in interactions with conspecifics.  430 
The direct causes for these characteristic scanning patterns in chimpanzees and humans 431 
remain unclear; further studies are necessary. For example, the reluctance of chimpanzees to 432 
view eyes might be due to the less powerful incentive for chimpanzees, compared with humans, 433 
to collect eye information, but might also be due to the more powerful incentive for chimpanzees 434 
to avoid eye contact. The active viewing of eyes by humans might have developed to enhance 435 
species-specific forms of emotional communication in which the eye regions play unique roles, 436 
as discussed above. It is also possible that such tendencies in humans developed in the service of 437 
non-emotional instrumental communication in which facial expressions, including the eyes, 438 
serve language-like functions. Eye movements signal not only emotion but also direction of 439 
attention or interest. The importance of joint attentional and communicative interactions in 440 
humans might have shaped the unique morphologies of the eyes (Tomasello et al., 2007) and 441 
also the behavioural tendency to actively collect eye information. From the ontogenetic 442 
perspective, the active viewing of eyes by humans might derive from biologically determined 443 
patterns reflecting certain selective pressures in evolution, but might also constitute patterns 444 
learned during the course of development. Studies in human infants have shown that infants 445 
dramatically increased fixations on the eye region at about seven weeks of age (Haith, Bergman, 446 
& Moore, 1977). It is known that the differential patterns involving direct/averted gaze emerge 447 
early in life (within a few days/weeks) in humans (Farroni, Csibra, Simion, & Johnson, 2002), 448 
chimpanzees (Myowa-Yamakoshi, Tomonaga, Tanaka, & Matsuzawa, 2003), and monkeys 449 
(Mendelson et al., 1982). However, precise measurements of eye movements have not yet been 450 
conducted in infant chimpanzees, and direct comparisons involving these primate infants are 451 
necessary to clarify the evolution and development of eye contact.  452 
Because the experiments in this study were conducted in the absence of specific 453 
communicative contexts, these results most likely reflect general species differences that are 454 
relatively consistent across various communicative situations. How these characteristic patterns 455 
of face scanning in chimpanzees and humans respond to various communicative contexts 456 
remains unknown, and further studies are necessary. Unlike monkey species and similar to 457 
humans, chimpanzees are known to frequently engage in relatively long bouts of eye contact in 458 
affiliative interactions (Goodall, 1986). Chimpanzees tend to alternate gazing at food and at the 459 
experimenter to obtain food, perhaps with communicative intent (Leavens & Hopkins, 1998).  460 
The absence of communicative contexts in these experiments might have promoted the 461 
demonstration of general responses to the faces rather than specific responses to particular faces 462 
(e.g., familiar/unfamiliar species, phylogenetically close/distant species), as well as possibly 463 
enhancing differences between species rather than differences within each species. Although the 464 
inspection of the data obtained from the individual participants in this study suggested that each 465 
individual manifested several behavioural trends that were consistent across experiments, 466 
including those conducted previously (Kano & Tomonaga, 2009), this analysis did not suggest 467 
specific intraspecies differences in terms of social rank, age, sex, etc. Likewise, previous studies 468 
in humans have revealed that East Asians tended to look at the eye regions for shorter durations 469 
than did Caucasians when presented with photographs of East Asian and Caucasian faces (Blais, 470 
Jack, Scheepers, Fiset, & Caldara, 2008). Given that the human participants in this study (all 471 
Japanese) showed more attention to the eye regions than did the chimpanzee participants, the 472 
aforementioned cultural difference appears to be less pronounced than the interspecies difference 473 
between chimpanzees and humans.  474 
Several similarities between humans and chimpanzees, such as the intense scanning of 475 
main facial features and the order in which each facial feature was inspected, are also consistent 476 
with the studies on monkeys (Ghazanfar, Nielsen, & Logothetis, 2006; Gothard et al., 2004; Guo 477 
et al., 2003). Of special interest in this regard is the characteristic pattern of human face scanning 478 
involving sequential re-fixations on the eye region. This pattern is consistent with results of 479 
previous human studies (Althoff & Cohen, 1999; Henderson et al., 2005; Walker-Smith et al., 480 
1977). Humans and monkeys are known to look at the eye region longer than at the mouth region, 481 
as mentioned earlier. However, this was not the case for the chimpanzees in this study, probably 482 
due to the frequent fixations on the mouth region by the chimpanzees. Interestingly, preliminary 483 
comparisons with previously published data on monkeys suggested that humans viewed the eye 484 
region for the longest durations among these three primate species, that chimpanzees viewed the 485 
eye region for as long as did monkeys, and that chimpanzees viewed the mouth region for the 486 
longest durations (compare Table 1 with, for example, Guo et al., 2003). Perhaps the important 487 
aspects of human face scanning include the prolonged eye-viewing (or the sequential re-fixations 488 
on the eye regions) and not simply the dominance of the eyes over the mouth as measured in 489 
total viewing time. Additional studies are necessary to clarify this issue.  490 
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 634 
Figure Legends 635 
Figure 1. (a) Examples of face stimuli presented. The defined regions of interests are indicated 636 
by blue lines. (b) Examples of eye movements by chimpanzees and (c) by humans. Each circle 637 
represents a fixation that is linked to the adjacent fixation by a line. A longer fixation is drawn as 638 
a larger circle. Faces were presented for 2 s. See Movie 1 for a demonstration of these eye 639 
movements. 640 
Figure 2. The similarities and differences in face-scanning patterns between chimpanzees and 641 
humans. (a) The number of fixations (mean + SEM) on each feature. (b) The probability of 642 
fixation as a function of fixation order.  643 
Figure 3. The number of fixations as a proportion of the total numbers of face fixations (mean + 644 
SEM) on each feature of the facial expressions for chimpanzees and humans. The data were 645 
normalized to correct for the differences between facial expressions with regard to the 646 
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